Mathematical Performance of Engineering Students in Universiti Kebangsaan Malaysia (UKM)  by Ismail, Nur Arzilah et al.
 Procedia - Social and Behavioral Sciences  60 ( 2012 )  206 – 211 
1877-0428 © 2011 Published by Elsevier Ltd. Selection and/or peer reviewed under responsibility of the UKM Teaching and Learning Congress 2011
doi: 10.1016/j.sbspro.2012.09.369 
UKM Teaching and Learning Congress 2011 
Mathematical Performance of Engineering Students in Universiti 
Kebangsaan Malaysia (UKM) 
Nur Arzilah Ismaila,*, Zulkifli Mohd Nopiaha,b, Izamarlina Asshaarib, Haliza Othmana,b,
Norngainy Mohd Tawila,b, Azami Zaharimc
a Unit of Fundamental Engineering Studies, Faculty of Engineering and Built Environment, Universiti Kebangsaan Malaysia 
b Centre for Engineering Education Research, Faculty of Engineering and Built Environment, Universiti Kebangsaan Malaysia 
cHead of Centre for Engineering Education Research, Faculty of Engineering and Built Environment, Universiti Kebangsaan Malaysia 
Abstract 
Mathematics is a key topic supporting a large number of engineering courses and consequently, it is important for engineering 
students to hold a strong mathematics knowledge that can keep their motivation for reasonable progress of their engineering 
programs. In this paper, engineering students’ performance and the factors influencing the performance in mathematics courses at
Faculty of Engineering & Built Environment (FKAB), UKM since the intake of academic session 2008/2009 are investigated. 
The performance is measured by their grade at the end of each semester and as the student progress from year 1 to year 3, their
performances are analyzed. The students’ Pre-Test and mathematics engineering courses are used as factors variables in this 
study. Findings show that the pretest is a good predictor/indicator for the performance of the students in Mathematics 
Engineering courses. Consequently, the factors influencing the students performance is going be determined. Thus, review and 
improvement in the teaching and learning process for these courses are needed. 
© 2011 Published by Elsevier Ltd. Selection and/or peer reviewed under responsibility of the UKM Teaching and Learning 
Congress 2011. 
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1. Introduction 
Mathematics is the queen of science and the language of nature. Mathematics is a key topic supporting a large 
number of engineering courses and consequently, it is important for engineering students to hold a strong 
mathematics knowledge that can keep their motivation for reasonable progress of their engineering programs. Most 
of the engineering faculties worldwide have compelled the students to take engineering mathematics courses during 
their years of studies and there exist some of this faculty have set up a pretest to test the basic mathematical 
understanding among the student who have registered in their programmes. The strong knowledge in mathematics 
greatly needed by engineering students as most of engineering problems is solved using mathematics. 
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In Faculty of Engineering and Built Environment (FKAB), Universiti Kebangsaan Malaysia, there are six 
mathematics courses that are compulsory for the students to take as their faculty subject throughout their years of 
studies. The courses are Linear Algebra, Vector Calculus, Ordinary Differential Equation, Engineering Statistics, 
Statistics and Numerical Method (for Electric & Electronic Engineering students only) and Complex Analysis (for 
Electric & Electronic Engineering students only). The first year students are required to sit for a diagnostic test 
which called a pretest that contained all basic mathematics questions and the purpose of this test is to examine the 
level of understanding among the first year students towards the basic knowledge of mathematics that they have 
learnt during pre-university and secondary school. This test is performed at the beginning of the first semester each 
year or each academic session. 
This is an ongoing research from three previous researches conducted in 2008 and 2009. All of these researches 
were published during Seminar Pendidikan Kejuruteraan & Alam Bina 2008 and Kongres Pengajaran dan 
Pembelajaran UKM 2009 (Othman 2009 and Zainuri 2008 and 2009). This study investigated the performance 
among engineering students from academic session 2008 until 2010 in FKAB, UKM. The objective of the study is 
to compare the performance between the students for academic session 2008/2009 and the students for academic 
session 2009/2010 and use pretest as the predictor for the performance of the students in Mathematics Engineering 
courses. All data were based on the grade that has achieved by the students in their pretest and their final exam for 
Linear Algebra (both academic session) and Vector Calculus (for academic session 2008/2009). The data is 
analyzed quantitatively using percentage. 
2. Methodology 
There are some researches that have been made previously about student’s performance. Adamson and Clifford 
(2000) have analyzed the performance of the Mechanical Engineering undergraduate students from two comparable 
United Kingdom universities over a three-year study period. This study also provides an indication of the predictive 
capability of various earlier assessments of ability in relation to final attainment. For each student group the 
examination results from each year of study are compared with each other, with the third-year project mark, with A-
Level results and with the results of a prior knowledge assessment test (PKA) which carried out at the beginning of 
the courses using correlation technique. Finding shows that the third-year marks are further appraised in relation to 
the combined A-level score and A-level Mathematics grade.  
Lawson (2003) has studied about the changes in student entry competencies 1991-2001 at Coventry University. 
In this study, data from diagnostic testing at Coventry University were used to illustrate how student entry 
competencies in basic mathematical skills have changed over the period 1991-2001. Systematic diagnostic test was 
introduced in 1991 at respective university as there was recent history indicated that there were potential problems 
with mathematics. The diagnostic test consist of 50 multiple-choice questions covering the seven topics of 
arithmetic, basic algebra, lines and curves, triangles, further algebra, trigonometry and basic calculus. This test was 
taken on the spot without warning by the students during their induction week. The data show that there has been a 
significant decline in many mathematical skills that are regarded by higher education as essential for those 
undertaking degree courses with a significant mathematical content. 
Barry and Chapman (2007) have studied on predicting university performance in Australia. This study compared 
student TER (entrance ranking score) and performance in a diagnostic test which was taken by first year science and 
engineering students, against their university grade at the end of one semester to find better predictor than simple 
TER measures. University admissions in Australia are dictated primarily by TER based on all courses taken in 
secondary school and TER becomes the unreliable indicators of ability to do mathematically based university 
courses. Differences in mathematical curricula between Australian states also complicate admissions for students 
moving interstates, especially with 19 or more different mathematical courses being offered in high schools across 
Australia. In 2006, the incoming first year science and engineering students were given 50 minutes, multiple-choice 
test, based on basic, pre-calculus, mathematics with an emphasis on basic algebra. Finding shows that in the absence 
of a national curriculum or testing system in Australia, the used of diagnostic test and analysis which has been 
conducted to first year science and engineering students can be used to find better predictor formula for university 
admission to mathematically based courses. 
There are many ways to evaluate teaching and learning process. According to Berry (2008), pre-tests can also be 
used as a way to measure the depth of understanding of prerequisite materials. To narrow this down, Uusimaki and 
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Nason (2004) claimed that having less experience in mathematics can produce negative results in learning and 
teaching mathematics. 
3. Methodology 
A total of 296 and 232 students from the intake of academics session 2008/2009 and 2009/2010 were given the 
same pretest questions and those with grades above the average on that particular session (80% and 70% from 
academics session 2008/2009 and 2009/2010, respectively) were considered in this study. Thus, a total of 138 and 
114 students from the intake of academic session 2008/2009 and 2009/2010, respectively, were selected. Results 
were analyzed for the performance based on the students’ pretest grades and their final exam grades for Linear 
Algebra (for both academic sessions), Vector Calculus and Ordinary Differential Equation (for academic session 
2008/2009 only). The data is analyzed quantitatively using percentage.  
4. Analysis 
Figure 1 show that the majority of the students in Linear Algebra obtained grade B (45.7%) and followed by 
grade A (38.4%). Meanwhile in Vector Calculus and Ordinary Differential Equation, majority of the students 
obtained grade A (39.9% and 37.7%, respectively) and followed by grade B (37.7% and 37.0%, respectively). 
Overall, the performance of this group of academic session 2009/2009 was almost consistent for each course, 
exception of grades B (45.7%), D (2.2%) and others (0.0%) for the Algebra course. 
Figure 1. The percentages of students across course and grade for 2008/2009 
Figure 1 show that the majority of students in Linear Algebra course obtained grade B and this can be observed 
from Figure 2 where the large number of the students are from the pretest group of 80.00 - 84.99 (58.49% of the 
students in this group obtained grade B). At the same time, only students from this group obtained grade D (5.66%) 
and also only the students from the group 85.00 – 89.99 obtained grade E (2.44%) compared to the other groups.
Students from groups 85.00 – 89.99 and 90.00 – 94.99 contribute to the majority of students obtained grades A.  
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Figure 2. The percentages of the pretest across grade of Linear Algebra for 2008/2009 
Students from the intake of academic session 2009/2010 had only completed two Mathematics Engineering 
courses, which are Linear Algebra (taken during semester 1 2009/2010) and Vector Calculus (taken during semester 
2 2009/2010). Since the grades for the Vector Calculus is yet to be determined, thus we will only analyze the grades 
for Linear Algebra for this academic session. Unlike the previous intake, the average grades for the pretest of this 
intake group was 70%, thus the pretest grades are divided into six grades groups, which are 70 - 74.99, 75 - 79.99, 
80.00 - 84.99, 85.00 - 89.99, 90.00 - 94.99 and 95.00 - 100 and the percentage is calculated from the total number of 
students of each group.  
Figure 3 shows that the majority of the students of academic session 2009/2010 obtained grade A in their Linear 
Algebra course, followed by grade B. For grades A and B, there are uneven distribution in the number of students in 
each pretest group, especially for the pretest group of 75 - 79.99, where the number of students is zero. The figure 
also shows that the major contributer for grade A are from the groups 85 - 89.99 and 80 – 84.99 and grade B are 
from the groups 70 – 74.99 and 80 – 84.99. Observed from Figure 3, the group of students under this study for the 
academic session 2009/2010 (pretest grades above the average grades) obtained at least grade C in their Linear 
Algebra course. 
Figure 3.  The percentages of the pretest across grade of Linear Algebra for 2009/2010. 
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As mention earlier, the average grades of the pretest for the academic session 2008/2009 and 2009/2010 are 80% 
and 70%, respectively. Hence, for the comparison purposes we limit the pretest group into four, which are 80.00 – 
84.99, 85.00 – 89.99, 90.00 – 94.99 and 95.00 – 100. Table 1 display the comparison between pretest and Linear 
Algebra grades for academic session 2008/2009 and 2009/2010. A total number of students for academic session 
2008/2009 and 2009/2010 who are complied to the requirements of this study are 138 (46.62%) and 77 (33.19%), 
respectively. The intake of 2009/2010 obtained at least grade C compared to grade D and E for the intake of 
2008/2009, but a total number of students achieved at least grade C for the intake of 2008/2009 is 134 students 
(45.27%) compared to 77 students (33.19%) for the intake of 2009/2010 (77 students). Obviously in Table 1, the 
intake of academic session 2008/2009 did better than the intake of 2009/2010 especially for the students in the 
pretest group of 80.00 – 84.99 (in obtaining grade B), 90.00 – 94.99 and 95.00 – 100 (in obtaining grade A).   
Table 1. Comparison between Pretest and Linear Algebra grades for academic sessions  2008/2009 and 2009/2010 
GRADE YEAR 
PRETEST 
80-
84.99 %
85-
89.99 %
90-
94.99 %
95-
100 %
A
2008/2009 14 26.42 16 30.19 17 32.08 6 11.32 
2009/2010 15 32.61 19 41.30 9 19.57 3 6.52 
B
2008/2009 31 49.21 18 28.57 8 12.70 6 9.52 
2009/2010 15 60.00 7 28.00 2 8.00 1 4.00 
C
2008/2009 5 27.78 6 33.33 5 27.78 2 11.11 
2009/2010 5 83.33 1 16.67 0 0.00 0 0.00 
D
2008/2009 3 100.00 0 0.00 0 0.00 0 0.00 
2009/2010 0 0.00 0 0.00 0 0.00 0 0.00 
E
2008/2009 0 0.00 1 100.00 0 0.00 0 0.00 
2009/2010 0 0.00 0 0.00 0 0.00 0 0.00 
Year A % B % C % D % E % 
2008/2009 53 53.54 63 71.59 18 75.00 3 100.00 1 100.00 
2009/2010 46 46.46 25 28.41 6 25.00 0 0.00 0 0.00 
Total 99 100.00 88 100.00 24 100.00 3 100.00 1 100.00 
5. Discussion 
This study revealed that there is a significant difference in the performance of the students from the intake of 
academic session 2008/2009 and 2009/2010 in their pretest and Linear Algebra course grades. First, the obvious 
difference was the percentage the average grades for the pretest, which are 80% and 70% for the intake of academic 
session 2008/2009 and 2009/2010, respectively. Second, the total number of students who obtained at least grade C 
in the Linear Algebra course is 134 (45.27%) for the intake of 2008/2009 compared to 77 (33.19%) for the intake of 
2009/2010 (for the groups of students with the pretest grades of 80% and above). Third, there are four students from 
the intake of 2008/2009 received grade D and E in Linear Algebra compared to none for the intake of 2009/2010.  
The findings shows that the number and the percentage of students from the intake of 2008/2009 were higher 
than the intake of 2009/2010 in obtaining grade A and B in Linear Algebra and also for the average grade for the 
pretest (80%), but in quality wise, the student from the intake of 2009/2010 obtained at least grade C for those 
pretest grade above average compared to grade D and E for the intake of 2008/2009.  
Fortunately, the findings in this paper agrees with finding of Lawson (2003) since there exist a decline in the 
average of the pretest for the intake of academic session 2009/2010 compared to the intake of 2008/2009. Thus, at 
this stage of our study we can conclude that the pretest is a good predictor/indicator for the performance of the 
students in Mathematics Engineering courses in FKAB, UKM. This conclusion tandem with the study by Ismail 
(2010), the self-test has been found to be a valuable tool in detecting the weaknesses among students in certain areas 
of engineering mathematics. 
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6. Conclusion 
The conclusion for this study is yet to be drawn since this is an action research project and the process of 
collecting and analyzing data is still ongoing. In this paper, we just analyzed and compared the data from pretest and 
the grades from Linear Algebra course for the intake of academic session 2008/2009 and 2009/2010. The finding at 
this stage of the study is still varied and inconclusive in order to make any conclusion on the performance of the 
students and the factors influencing the performance. Further investigation and data collecting is needed, especially 
data from Vector Calculus (taken in semester 2 2009/2010) and mathematics engineering courses in academic 
session 2010/2011, to enhance the findings and the conclusion. The results of this study highlight the fact that most 
of the students are still weak in certain topics brought forward in Fundamental Calculus. This identification is an 
important ’wake-up call’ for the educator to improve the course content and teaching style for the particular topics. 
Steps have been taken to include Cooperative Learning (CL) and Process Based Learning (PBL) in some of the 
mathematics engineering courses to help reduce the students’ academic problems.  
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